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Objective: To characterize the quantitative changes of patella cartilage over time after total knee
arthroplasty (TKA) by delayed gadolinium-enhanced magnetic resonance imaging of cartilage (dGEMRIC)
and T2 mapping at 3.0 T.
Method: Twenty-six knees of 26 patients (23 women and three men, mean age, 75 years) with primary
osteoarthritis and osteonecrosis of the knee underwent TKA with a zirconia ceramic implant in this
prospective study. Twelve patients without patella resurfacing (NR group) and 14 patients with patella
resurfacing (R group) had TKA with cemented ﬁxation. The implant position was examined by radio-
graph, computed tomography (CT) and magnetic resonance imaging (MRI). The clinical scores were
checked pre-operatively, 1 year post-operatively and at the ﬁnal follow-up. Patella cartilage and its
thickness were evaluated pre-operatively and 1 year after TKA by dGEMRIC and T2 mapping in the NR
group only. Patella cartilage was divided into eight regions of interest: the deep and superﬁcial layers of
the outer lateral and medial half, and the inner lateral and medial half from the central ridge.
Results: The implant position was appropriate in all cases and clinical scores were not signiﬁcantly
different between the two groups. The post-operative dGEMRIC value of the outer medial half superﬁcial
zone in the NR group was signiﬁcantly decreased compared with the pre-operation value (P< 0.05),
whereas T2 mapping was not signiﬁcantly changed in all zones. The cartilage thickness of the outer zone
was signiﬁcantly thinner post-operatively (P< 0.05).
Conclusions: These ﬁndings indicate that osteoarthritic changes in the outer zone of patella cartilage
occurred 1 year after TKA.
 2012 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Patellar resurfacing in total knee arthroplasty (TKA) is contro-
versial1e5. In general, orthopedic surgeons can be divided into three
groups as to how to treat the patella: non-resurfacers, universal
resurfacers, and selective resurfacers. Current literature on meta-
analyses on patella resurfacing in TKA have not shown a clear
superiority of patella resurfacing, but most authors recommend
patella resurfacing because of less frequent anterior knee pain and
the need for reoperation4,5.N. Kumahashi, Department of
e, 89-1 Enya-cho, Izumo-shi,
81-853-20-2236.
Kumahashi).
s Research Society International. PAnterior knee pain has been reported in 20% of patients after
TKA6,7. The cause of anterior knee pain after TKA without patella
resurfacing remains unknown because the data concerning the
efﬁcacy of secondary resurfacing for anterior knee pain following
unresurfaced TKA are conﬂicting1,8e10. One of the reasons why this
problem could not be resolved was the limitation of imaging
evaluation: clear post-operative images of TKA by magnetic reso-
nance imaging (MRI) are hard to obtain due to the susceptibility of
implants, which are generally made of cobalt-chrome, to generate
artifacts in spite of recent metal artifact reduction techniques11e13.
Thus, the patellofemoral (PF) joint can only be evaluated by X-ray
imaging. In cases of unresurfacing the patella, details concerning
the changes of patella cartilage quality over time are crucial in order
to decide whether to resurface the patella or not.
Recently, delayed gadolinium-enhanced magnetic resonance
imaging of cartilage (dGEMRIC)was developed tomonitor primarily
the concentration of glycosaminoglycans (GAG) in articularublished by Elsevier Ltd. All rights reserved.
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and of patella cartilage of osteoarthritis17. Various other factors such
as collagen content and diffusion direction can also inﬂuence
dGEMRIC values18,19. On the other hand, T2 mapping is most
frequently used to study the biochemical composition of cartilage
including collagen organization, collagen orientation and water
content20,21. Among the quantitative techniques for cartilage
assessment, we selected to use dGEMRIC and T2 mapping simulta-
neously in this study because we wanted to characterize the serial
quantitative changes of patella cartilage to detect early osteoar-
thritic changes in terms of both proteoglycan content and collage-
nous architecture.
We hypothesized that patella cartilage degeneration may occur
shortly after TKA despite the absence of clinical signs. The aim of
this study was to characterize the quantitative changes of patella
cartilage over time after TKA using ceramic implants without
patella resurfacing, using both 3.0T dGEMRIC and T2 mapping.
Materials and methods
Patients
Twenty-six patients (23 females and three males) with
primary osteoarthritis and osteonecrosis of knee joints, who were
admitted for TKA at our hospital between November, 2007 and
January, 2011, were included in this prospective study. Patients
who had previously undergone unilateral TKA were excluded22.
The patients’ mean age was 75 years and they underwent TKA
with a zirconia ceramic implant. Twelve patients (eight right and
four left knees) received TKA without patella resurfacing under
certain indications as described in the Surgery section (non-
resurfacing group: NR group). The mean post-operative follow-up
period for clinical evaluation was 20 months (range, 12e39
months). The remaining 14 patients (six right and eight left
knees) received TKA with patella resurfacing and the patella
cartilage of this group could not be evaluated because of cartilage
resection and replacement of components (resurfacing group: R
group). The mean post-operative follow-up period for clinical
evaluation was 21 months (range, 12e48 months). Patient char-
acteristics of both groups are summarized in Table I. Age, height,
weight, body mass index (BMI), and the distribution of gender,
diseases and affected knee were not signiﬁcantly different and
were matched between the two groups. BMI was calculated
because T2 and dGEMRIC values are inﬂuenced by BMI23,24. The
physical activity level of all patients was low. This study was
approved by the Shimane University Institutional Committee on
Ethics (study number 362) and every patient provided consent for
this study.Table I
Characteristics of the study sample in the NR and R groups
NR group R group P-value
Number of patients 12 14
Age (years) 74.3 2.9
(range, 69e81)
75.0 4.4
(range, 66e80)
0.50
Gender (male/female) 2/10 1/13 0.58
Diseases (osteoarthritis/
osteonecrosis)
11/1 14/0 0.46
Affected knee (left/right) 4/8 8/6 0.27
Height (cm) 150 5.6
(range, 139e157)
149 6.0
(range, 135e160)
0.55
Weight (kg) 53.8 7.2
(range, 44e70)
54.7 9.5
(range, 41e66)
0.68
BMI (kg/m2) 22.8 2.4
(range, 18.9e27.2)
24.5 3.2
(range, 18.5e30.1)
0.15
Note e data are mean values standard deviations.Surgery
All patients were treated by the same surgeon. Surgery was
conducted under femoral and sciatic nerve block in a prone
position and a midvastus or parapatellar approach was used in all
patients. We used an independent cut and the condylar twist
angle, which was deﬁned as the angle of difference between the
epicondylar line and posterior condylar line, was measured in all
cases by computed tomography (CT) before the operation in order
to cut the bone accurately. A bone cut, based on the surgical
epicondylar line, was done in every case. We used the cemented
Low Friction Anatomic (LFA, PS type, Kyocera Company, Japan)
type of prosthesis. This implant is made of zirconia ceramics and
was designed especially for the Japanese anatomical shape25.
Indications of the patella NR group were patients without ante-
rior knee pain in daily life, patella compression pain or retro-
patellar crepitus and an expected grade IV by Outerbridge
classiﬁcation26 in intra-operative ﬁndings. The Outerbridge clas-
siﬁcation uses four grades: I: softening and swelling of articular
cartilage, II: fragmentation and ﬁssuring of articular cartilage
affecting an area of less than 0.5 in., III: fragmentation and
ﬁssuring of articular cartilage affecting an area greater than
0.5 in., IV: cartilage erosion to bone. The osteophytes and syno-
vium around the patella were removed during the operation.
Patella tracking was assessed in all cases using the no thumb
method and lateral release was not performed in any cases.
Physical and radiological ﬁndings
During the physical examination, range of motion, patella
compression pain and retropatellar crepitus were assessed.
Patella dislocation or subluxation was also determined. The
quantity of patella cartilage and the loaded portion are inﬂu-
enced by implant placement, the position of which can be re-
ﬂected by various measurements using radiography, CT and MRI.
The accurate placement of the femur and tibia implant is
necessary to evaluate the quality of the patella cartilage. From
this point, we evaluated the radiological factors in detail as
described below. Femorotibial angle, tilting angle, lateral shift
ratio, Wiberg classiﬁcation of patella shape, patella facet angle27
and patella height were determined from plain X-ray images at
the anteroposterior and skyline views (Fig. 1). Patella facet angle
was also calculated based on Wiberg classiﬁcation28 [Fig. 1(aec)].
This classiﬁcation is divided into three types: type I is where the
medial and lateral facets are of equal lengths, type II is where the
lateral facet is longer than the medial facet, and type III is where
the lateral facet is much longer than the medial facet. A lateral
view of the X-rays was used to measure patella height as
described by Insall and Salvati29 and this inﬂuenced patella
pressure30. Condylar twist angle was also evaluated by axial CT
pre-operatively and by axial MRI post-operatively to evaluate the
bone cut accurately. Radiographic evaluation of the components
after TKA was used according to the knee society grading scale31.
Physical examination and radiological ﬁndings were evaluated
pre-operatively and 1 year after TKA in both groups.
Clinical evaluation
The Japan Orthopedic Association (JOA) score (total 100 points:
pain and walking¼ 30 points, pain and stairs up and down¼ 25
points, range of motion¼ 35 points and swelling¼ 10 points) and
the Lysholm score32, a scoring system used for the clinical assess-
ment of knee function, were calculated pre-operatively, 1 year after
the operation and at the ﬁnal follow-up in both groups to evaluate
the clinical differences with and without patella resurfacing.
Fig. 1. The skyline view pre-operatively and 1 year after TKA in the NR group. (a), (d)
Wiberg type I; (b), (e) Wiberg type II; (c), (f) Wiberg type III. Yellow lines show the
patella facet angle. The patella facet angle decreased as the Wiberg type increased.
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In the NR group, the procedure for single dGEMRIC slice posi-
tioning was as follows: the patients were imaged in a supine
position. Proton-density-weighted imageswere acquired from each
knee in a 30 ﬂexed position using the cushion according to the
center line of the coil with an eight-channel knee coil (Invivo
Corporation, Gainesville, FL, USA) at 3.0T MRI (Signa HDx, GE
Healthcare, Milwaukee, WI, USA) to identify the morphological
images. A cushionwas set over the kneewith the patella positioned
into the circular hole of the cushion. First, the axial plane was taken
in multiple images, which passed through the center of the patella
in all cases. Proton-density-weighted scanning parameters were
as follows: 3500 ms repetition time, 21.21 ms echo time,
130130 mm ﬁeld of view, 3.0 mm or 4.0 mm section thickness,
384 256 matrix, two excitation, and eight echo train lengths.
Next, ﬁve T2 mapping images of a selected axial view (a 3 mm slice,
with two slices taken at each 3 mm anterior to the selected slice
and two slices posterior to it) were acquired before contrast
injection for dGEMRIC in 7 min scantime in order to precisely select
the widest point of the patella. We selected a single slice that
passed through the center of the patella where the patella was the
widest. T2 maps were obtained from two-dimensional multiple-
spin-echo images with the following T2 mapping scanning
parameters (T2 relaxation time mapping sequence): 1000 ms
repetition time, 19.9, 29.9, 39.9, 49.8, 59.8, 69.8, and 79.9 ms echo
time, 130130 mm ﬁeld of view, 3.0 mm section thickness,
320 256 matrix, and one excitation.
Lastly, dGEMRIC values were determined from a selected single
slice in 20 min scantime before and after contrast agent injectionbefore the operation. dGEMRIC were obtained from two-
dimensional inversion recovery fast spin-echo images with the
following parameters: T1 relaxation time mapping sequences for
dGEMRIC were as follows: 3000 ms repetition time, 9.8 ms echo
time, 50, 100, 300, 500 and 1500 ms inversion times, 130130 mm
ﬁeld of view, 3.0 mm section thickness, 256 256 matrix, one
excitation, and two echo train lengths.
Our dGEMRIC protocol followed the clinical protocol reported
by Burstein et al.33. There are variations in time between the
contrast injection and dGEMRIC image acquisition34,35 so in this
study we reserved the MRI in advance and took two images on the
same day at pre-injection and 2 h after injection of contrast agent.
Gd-DTPA2 at a dose of 0.4 mmol/L/kg body weight (MAGNE
SCOPE) was intravenously injected in a single dose bolus prior to
T1MRI. The subjects wereweighed before every MRI measurement
to ensure a correct injection dose of contrast agent. The total dose of
agent varied according to patient’s weight because the penetration
of cartilage by contrast agent is inﬂuenced by BMI23. The patients
were asked to walk for 10 min at a speed of 3 km/h using a walking
machine just after administration of the contrast agent. Two hours
after Gd-DTPA2 injection, 3.0T MRI was routinely used to take
images for dGEMRIC in every patient and at each time point. One
year after TKA, the patients underwent another MRI with dGEMRIC
and T2 mapping as described above. We were very careful to select
the same slice of patella as before using the same patella depth and
width measurements by proton-density MRI while viewing the
former image on the screen. This procedure was always performed
by one orthopedic surgeon, one radiologist and two radiographers
in order to select the same patella slice in every patient.
Image analysis
All analyses were performed with the use of single selected
images through the center of the patella. The values of dGEMRIC, T2
mapping and cartilage thickness were automatically analyzed on
a workstation using custom-developed software (Baum, version
2.00; Osaka University, Osaka, Japan)36. The valuewas calculated on
a pixel-by-pixel basis by ﬁtting the echo time data and corre-
sponding signal intensity to a monoexponential equation. A region
of interest (ROI) was manually drawn over the entire cartilage for
medial and lateral facet by a single researcher for T1 and T2
measurements pre- [Fig. 2(Aa, Bc)] and post-operatively [Fig. 2(Ab,
Bd)]. The investigator was careful not to include joint ﬂuid at the
surface of the cartilage in the ROI and to distinguish cartilage from
subchondral bone under two views: one was a proton-intensiﬁed
image and the other was T2 color mapping with T2 map soft-
ware. The investigator was only provided with information on
patient ID number. Each patellar cartilage ROI was automatically
divided after demarcating the cartilage area manually by the soft-
ware into four radial sections of equal width from the apex and
then each section was further divided into deep layers (zones Z1d,
Z2d, Z3d and Z4d) and superﬁcial layers (zones Z1s, Z2s, Z3s and
Z4s) of equal thickness [Fig. 2(Aa, Bc)]. The cartilage thickness of
each ROI (zones Z1, Z2, Z3, and Z4) was automatically measured by
the software, which calculated the average distance of each pixel
equally divided in the upper and lower borderline, respectively36
[Fig. 2(Aa)]. In the calculation of T2 values from the multiple-spin-
echo images, the ﬁrst echo was excluded to minimize T2 inaccur-
acy due to stimulated echoes37e39. Percentual change was also
calculated for dGEMRIC, T2 and cartilage thickness measurements
as follows: the value at post-operation minus the value at pre-
operation was divided by the value at pre-operation (%). The
average values for three measurements of T1, T2 mapping and
percentual change of each subdivided ROI were determined in the
eights zones. The average cartilage thickness and percentual change
Fig. 2. dGEMRIC (A) and T2 mapping (B) before (a, c) and 1 year after TKA (b, d) in the NR group. Patella was divided into eight areas and eight ROIs were applied from Z1s to Z4d
before and 1 year after TKA. “Zs” and “Zd” means zone superﬁcial and zone deep, respectively. Outer zone refers to Z1 and Z2 and inner zone refers to Z3 and Z4, respectively. We
deﬁned each zone as follows: Z1: outer lateral half zone, Z2: outer medial half zone, Z3: inner lateral half zone and Z4: inner medial half zone. The scale of T1 and T2 relaxation time
is also shown. On the maps and color scales in dGEMRIC, blue represents areas of low T1 and red represents area of high T1. On the maps and color scales in T2, blue represents areas
of low T2 and red represents area of high T2. The ROIs were demarcated as described in the Methods section. The images shown are from a 70-year-old man with osteoarthritis of
the right knee. The color mapping in dGEMRIC changed post-operatively in the inner lateral half superﬁcial zone (Z3s, arrow, b) and the outer lateral and medial superﬁcial zones
(Z1s and Z2s, arrow, b). The color mapping in T2 did not change post-operatively.
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also calculated. In this series, we show the post-gadolinium data as
a dGEMRIC index to evaluate the native cartilage40 and to compare
pre-operative and 1 year post-operative values and ROI values at
each position. At 1 year after TKA, the ROI analysis was also exam-
ined in the same way and by the same investigator [Fig. 2(Ab, Bd)].
Inter- and intra-observer variability for T1 and T2 mapping
measurements
Reproducibility studies were performed to assess the variability
of demarcating the cartilage area manually using Baum software on
dGEMRIC and T2 mapping measurements. The intra-observer vari-
ability was assessed by a single trained investigator, who took two
measurements for dGEMRIC and T2 mapping at eight ROIs without
information on patient treatment during a 1-week period. Inter-
observer variability in cartilage T1 and T2 at each ROI was assessed
by two trained independent observers, who were blinded to the
patient background for two measurements of dGEMRIC and T2
mapping.
Data and statistical analyses
AWilcoxon signed-rank test was used to determine differences
between pre- and post-operative values. A ManneWhitney U testwas used for analysis of the differences between the groups. A
KruskaleWallis test was used to evaluate the differences of each
ROI value, cartilage thickness and percentual change between the
zones (StatView 5.0, Abacus Concepts, Berkeley, CA). A Fisher’s
exact probability test was used to analyze the gender, diseases, and
affected knee distribution between the groups. Differences were
considered signiﬁcant if P< 0.05. Intra-observer and inter-observer
reliability were analyzed and showed mean intraclass correlation
coefﬁcient (ICC) values and a 95% conﬁdence interval (CI) with
a standard computerized statistical package (PASW Statistics 18,
SPSS Inc., Chicago, IL, USA). ICC values above 0.75 were interpreted
as good, whereas values between 0.74 and 0.40 indicated moderate
reliability and values below 0.40 indicated poor reliability41.Results
Physical and radiological analysis
Results are presented as mean values standard deviation as
summarized in Tables II and III. The retropatellar crepitus was
negative inall cases in theNRgroupand10cases in theRgroupbefore
the operation, respectively. There was only one case of retropatellar
crepitus after TKA in the NR group. On the other hand, patella
compressionpainwas positive in nine cases before operation in theR
group and not recognized pre- or post-operatively in the NR group.
Table II
Plain radiological, CT and MRI ﬁndings pre- and post-operatively in the NR and R groups
Note e data are mean values standard deviations.
* Shows signiﬁcant difference between pre- and post-operative values and the two groups (P< 0.05).
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dislocation after TKA in either group. Lateral shift ratio after opera-
tion was signiﬁcantly different between the two groups. Extension
angle, femorotibial angle, tilting angle and condylar twist anglewere
signiﬁcantly different after TKA in both groups (Tables II and III). In
the knee society grading scale, all itemswerewithin normal limits to
gain a good clinical outcome for long survival rate and the implant
positionwas appropriate in all cases in both groups (Table II).Table III
Clinical ﬁndings pre- and post-operatively in the NR and R groups
Note e data are mean values standard deviations.
* Shows signiﬁcant difference between pre- and post-operative values (P< 0.05).Clinical ﬁndings
JOA and Lysholm scores were signiﬁcantly improved in both
groups (Table III). The scores were not signiﬁcantly different
between the two groups pre-, 1 year post-operatively or at the ﬁnal
follow-up. The JOA and Lysholm scores at the ﬁnal follow-up were
82.0 8.5 and 85.6 9.7 in the NR group and 84.2 9.7 and
91.0 7.9 in the R group.
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Accurate images for dGEMRIC data could not be obtained for one
patient because of body motion during image acquisition and could
not be obtained for another patient due to machine trouble in the
NR group. Therefore, two sets of dGEMRIC data could not be ob-
tained. T2 data were acquired in all patients. The average BMI pre-
operatively and at 1 year after TKA was 22.8 2.4 kg/m2 and
22.6 2.7 kg/m2 in the NR group and 24.5 3.2 kg/m2 and
24.12.7 kg/m2 in the R group, respectively. This was not signiﬁ-
cantly different (P¼ 0.49 in the NR group and P¼ 0.87 in the RTable IV
Values of dGEMRIC (A) and T2 mapping (B) pre- and post-operatively
Note e data are mean values standard deviations.
Changes were calculated for each patient as follows and expressed the average values:
dGEMRIC or T2 value at pre-operation 100 (%).
* Shows signiﬁcant difference between pre- and post-operative values (P< 0.05).group) so the results of the two dGEMRICs of the NR groupwere not
inﬂuenced by BMI. All items were not signiﬁcantly changed
compared with pre-operative values except dGEMRIC in the outer
medial half superﬁcial zone (P¼ 0.03; Table IVA, B). The percentual
change of dGEMRIC and T2 data were not signiﬁcantly different
between the ROI positions (P¼ 0.42, 0.80).
Cartilage thickness in each cartilage zone
The post-operative cartilage thickness in Zone 1 and 2 was
signiﬁcantly decreased compared to the pre-operative value(dGEMRIC or T2 value at post-operation dGEMRIC or T2 value at pre-operation)/
N. Kumahashi et al. / Osteoarthritis and Cartilage 21 (2013) 126e135132(P¼ 0.008 and 0.01, respectively, Table V). The cartilage thickness
before and after operation was not signiﬁcantly different between
the zones (P¼ 0.53 and 0.75, respectively). The percentual change
between the zones was not signiﬁcantly changed (P¼ 0.57).
Inter- and intra-observer variability for dGEMRIC and T2 mapping
The ICC of the intra- and inter-observer variability between
dGEMRIC and T2mappingwere all interpreted as good ormoderate
(Table VI)40.
Discussion
In this study, post-operative dGEMRIC values of the outermedial
half superﬁcial zone of patella cartilage in the NR group were
signiﬁcantly decreased compared with pre-operative values,
whereas T2 mapping was not signiﬁcantly changed in 3.0T MRI in
spite of good radiological and clinical outcomes similar to that of
the R group. Furthermore, the post-operative cartilage thickness of
the outer zone of the patella was signiﬁcantly thinner than the pre-
operative thickness. To our knowledge, this is the ﬁrst paper to
reveal the serial quantitative and thickness changes of the patella to
ceramics after TKA using MRI without patella resurfacing in vivo. In
our case, the setting of ROIs was easy because zirconia implants are
less likely to generate artifacts [Fig. 2(Ab, Bd)].
Patella degeneration of cartilage in the NR group mainly
depends on the pressure on the PF joint and physical activity level.
Our patients were elderly and the activity level was low. The
pressure on the PF joint and its loaded zone are dependent on
implant position, which could be due to various radiological factors
including patella height30, BMI24, implant design, patella shape and
patella tracking course. We must consider each factor in our series.
First, patella height and BMI were not changed before and after TKA
and implant orientation was appropriate for each patient. Second,
in implant design, Ma et al. reported the effects of design of the
femoral component on the conformity of the PF joint in TKA and theTable V
Cartilage thickness in each cartilage zone
Changes were calculated for each patient as follows and expressed the average values: (c
thickness at pre-operation 100 (%).
* Shows signiﬁcant difference between pre- and post-operative values (P< 0.05).low contact stress mobile-bearing prosthesis (Depuy, Warsaw,
Indiana) had the best conformity with the native patella42. The
study recommended a more anatomical design of the femoral
component in TKA without patella resurfacing. LFA used in our
study is a third generation implant and the patella groove design
has an anatomical femoral groove angle of about 130. The LFA
patella groove was designed “patella friendly” to accommodate the
non-resurfaced patella, especially type I of Wiberg classiﬁcation
[Fig. 1(a, d)]. Third, in patella shape, this case series was mainly
composed of patients with II or III grades by Wiberg classiﬁcation
and the patella facet angle was lower than grade I. Furthermore, the
length of the lateral facet of II or III grades was longer than that of
grade I [Fig. 1(aec)]. These were consistent with the result that
lateral shift ratio after TKA in NR group was signiﬁcantly bigger
than that of the R group, although the values in both groups were
within normal limit, due to the congruency of different patella side
between the two groups. Lastly, in patella tracking course, the
patella is inclined to shift laterally due to the anatomical structure
(Quadriceps angle). These ﬁndings suggest that the PF pressure of
grades II or III might be localized and the distribution of PF pressure
may be concentrated on the outer lateral and medial halves of the
superﬁcial zone of the patella and agrees with our results.
Our results showed the possibility of loss of GAG content in the
outer medial half of the superﬁcial zone and collagen content loss in
the outer lateral (P¼ 0.008) and medial (P¼ 0.01) half zones of
patella cartilage 1 year after TKA. These are both consistent with
osteoarthritis-like degenerative processes where GAG loss precedes
collagen network destruction and subsequent thickness change43.
The signiﬁcant change in cartilage thickness before and after oper-
ation might be inﬂuenced by age, BMI and patellar tracking course.
However, no patient in the NR group showed anterior knee pain
after TKA. Our results did not reveal a relationship between the
clinical ﬁndings of anterior knee pain and a statistically signiﬁcant
change of patella cartilage quantity because of a time lag between
cartilage degeneration and clinical symptoms. However, it remains
clinically signiﬁcant because of the possible appearance of futureartilage thickness at post-operation cartilage thickness at pre-operation)/cartilage
Table VI
ICC for superﬁcial and deep cartilage segments in the patella with a 95% CI
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evidence in a prospective, randomized study of the need for primary
patella resurfacing in cases of severe PF disease, which was graded
IV by Outerbridge classiﬁcation44. If anterior knee pain was mainly
due to exposure of subchondral bone, the quantity of the remaining
patella cartilage at primary TKA might predict clinical efﬁcacy of
patella resurfacing. Further studies are needed to determine the
relationship between dGEMRIC and T2 mapping and anterior knee
pain in the NR group after a longer follow-up period.
This study has several limitations. First, the follow-up period
was short and the difference in clinical outcome in cases of patella
resurfacing or unresurfacing could be revealed during a longer
follow-up period. Second, the number of patients was small
because of the limited criteria of patella unresurfacing in TKA. We
should therefore pursue this study with a longer follow-up period
and more patients. Third, we evaluated only one slice of patella,
and dGEMRIC and T2 mapping of whole patella cartilage were not
evaluated. Signiﬁcant changes occurring elsewhere in the patella
may have been missed in this study. Fourth, the error of image
slice selection might be associated with attempting to scan
precisely the same sample of patella at two different times. Fifth,
the time delay between the contrast injection and dGEMRIC
measurement is known to inﬂuence T1 Gd values34,35. We
routinely take post-dGEMRIC images 2 h after injection of
contrast, but a small amount of error might still be expected in the
dGEMRIC data. Lastly, this study lacks a normal control that maps
the natural course of degeneration of patella cartilage in intact
knees of patients of high age with 3.0T dGEMRIC and T2 mapping
each year. The 3.0T dGEMRIC change of the outer medial half of
the superﬁcial zone of patella cartilage in our study was approx-
imately 50 ms/year (i.e., the difference between the pre- and 1
year post-operative dGEMRIC values). This value could not be
compared to values of an intact knee. Further studies are needed
to determine the serial dGEMRIC and T2 mapping of intact knees
of older people.
In conclusion, the post-operative signiﬁcant decrease of
dGEMRIC values and cartilage thickness in the outer zone ofpatella cartilage compared with pre-operative values presumably
represents osteoarthritic changes that occur 1 year after TKA in
3.0T MRI. This change of patella cartilage could be one difference
of the clinical outcome between the patella resurfacing or unre-
surfacing in TKA in the future. These ﬁndings might be a key
consideration for the use of resurfaced or non-resurfaced patella
in future studies.
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